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Ab–initio electronic structure calculations of O2 and O+2
Type: SCF MRSD(TQ)–CI SCF: D2h symmetry
Package: MRD–CIa Core: 1σ2g 1σ
2
u 1s(O1) and 1s(O2)
O basis: cc–pVQZ + CI: 12 active e–
diffuse (three s, three p, one d)
Functions: O(8s7p4d2f) Excitations: S + D + (T, Q)
Total O2 16s14p8d4f MO’s O2(X
3Σ–g )
146 atomic functions Conf. O2(X) 1σ
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aBonn-Wuppertal package, Buenker & Peyerimhoff
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Spectroscopic constants of selected states of O2, O+2 and O
++
2
a.
System State AIE re ωe Be De
eV Å cm–1 cm–1 eV
O++2 X
1Σ+g 36.27 (1.075) (2089) (1.82)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
O+2 A
2Πu 17.10 1.4090 (1.419) 898 (913) 1.061(1.046) 1.76 (1.45)
a4Πu 16.137 1.3814 (1.389) 1036 (1060) 1.104(1.092) 2.69 (2.54)
X2Πg 12.071 1.1164 (1.132) 1905 (1895) 1.691(1.645) 6.78 (6.36)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
O2 X
3Σ–g 0.00 1.2075 (1.216) 1580.2 (1564) 1.437(1.424) 5.21 (5.09)
a Theoretical values in parenthesis.
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Molecular states correlating to the lowest dissociation limits of O2,
along with their respective dissociation energies.a
Molecular states Limit Limit D0(eV)
a
number
2,4,6[Σ+,Π]g,u O+(4S)+O(3P) 1+ 18.73
3,5[Σ+ ,Π]g,u O+(4S◦) +O–(2P) 17 17.26
· · · ·
· · · ·
· · · ·
3,5,7[Σ+,Π]g,u O(3P)+O(5S◦) 13 16.95
3[Σ–,Π, ∆]g,u O(1D)+O(3S◦) 12 16.60
5[Σ–,Π, ∆]g,u O(1D)+O(5S◦) 11 16.22
1,5[Σ+(2), ∆]g , 3[Σ+(2), ∆]u , 1,5[Σ–]u , 3[Σ–]g , 1,3,5 [Π]g,u O(3P)+O(3P) 10 16.10
5[Σ+(2), Σ–,Π(2), ∆]g,u O(3P)+O(5P) 9 15.85
1,3,5[Σ+,Π]g,u O(3P)+O(3S◦) 8 14.63
1,3,5,7[Σ+,Π]g,u O(3P)+O(5S◦) 7 14.26
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1[Σ+]g O(1S)+O(1S) 6 13.49
1[Σ+,Π, ∆]g,u O(1D)+O(1S) 5 11.27
3[Σ–,Π]g,u O(3P)+O(1S) 4 9.30
1[Σ+(3), ∆(2), Γ]g , 1[Σ–(2), ∆]u , 1[Π(2),Φ]g,u O(1D)+O(1D) 3 9.05
3[Σ+, Σ–(2),Π(3), ∆(2),Φ]g,u O(3P)+O(1D) 2 7.08
1,5[Σ+(2), ∆]g , 3[Σ+(2), ∆]u , 1,5[Σ–]u , 3[Σ–]g , 1,3,5 [Π]g,u O(3P)+O(3P) 1 5.11
a Energies are referred with respect to O2 (X
3Σ–g , v
′′ = 0).
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Table: Spectroscopic constants of the six valence quintet states of O2
dissociating into ground state atoms
State Te Re De Authors
(eV) (a.u) (cm–1)
5Σ+g 5.1036 6.3 96.8 This work
5.1151 7. or 7.5 4.39 b
unstable Liu et. al
5Σ+g 5.107 7.5 69.4 This work
unstable Saxon & Liu
5Σ–u 5.08 6.0 286. This work
6.19 or 6.24 47.5 Partridge et al.
5.735 59.7 van Vroonhoven et al.
5.22 6.21 41.1 Liu et. al
5Πu 5.143 6.5 - This work
6.58 30.7 Partridge et al.
6.168 35.1 van Vroonhoven et al.
5Πg 5.0112 4.3 379. This work
4.2 or 3.978 1290. Partridge et al.
5.16 4.23 713. Liu et. al
5∆g 5.080 6.0 288. This work
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Table: Spectroscopic constants of the ion–pair states of O2
dissociating into O+(4S)+O–(2P) at 17.26 eV
State Te Re ωe ωe xe Authors
(eV) (a.u.) (cm–1) (cm–1)
5Σ–g 11.35 3.84 538. 4.4 This work
∼ 11.0 ∼ 4.1 krauss & neumann
5Σ–u 11.53 4.16 490. 2.7 This work∼ 11.5 ∼ 4.2 krauss & neumann
13.04 4.03 zhou et al.
5Πu 11.56 4.31 473. 3.7 This work
13.09 4.24 zhou et al.
5Πg 11.75 4.61 449. 3.7 This work
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Table: Tentative attribution of quintet Rydberg states
with the a4Πu corea (IP=16.16 eV)
State Te Re n a Dominant
(eV) (a.u.) configuration
5Πu 11.936 2.6 3 1.20 (a 4Πu ) 3sσg
5Σ+g 13.231 2.7 3 0.81 (a
4Πu ) 3ppiu
5Πg 13.360 2.7 3 0.80 (a 4Πu ) 3pσu
5Πu 14.143 2.6 3 0.40 (a 4Πu ) 3dσg
5Σu 14.312 2.7 3 0.28 (a 4Πu ) 3dpig
5∆u 14.370 2.7 3 0.24 (a 4Πu ) 3dpig
5Πu 14.393 2.7 3 0.22 (a 4Πu ) 3dδg
5Πu 14.143 2.6 3 0.40 (a 4Πu ) 3dσg
5∆g 14.545 2.7 4 1.10 (a 4Πu ) 4ppiu
5Πg 14.614 2.7 4 1.03 (a 4Πu ) 4pσu
5Πu 14.919 2.7 4 0.69 (a 4Πu ) 4sσg
5Πu 15.076 2.6 4 0.46 (a 4Πu ) 4dσg
5Σ–u 15.284 2.6 4 0.06 (a
4Πu ) 4dpig
5∆u 15.286 2.6 4 0.05 ( a 4Πu ) 4dpig
5Πu 15.289 2.7 4 0.05 ( a 4Πu ) 4dδg
() 52 / 1
Table: Tentative attribution of quintet Rydberg states
with the b4Σ–g corea (IP= 18.21 eV)
State Te Re n a Dominant
(eV) (a.u.) configuration
5Σ–g 13.21 2.7 3 1.38 (b
4Σ–g ) 3sσg
5Σ–u 14.312 2.7 3 1.13 (b
4Σ–g ) 3pσu
5Πu 15.308 2.6 3 0.83 (b4Σ–g ) 3ppiu
5Σ–g 14.49 2.7 3 1.09 ( b
4Σ–g ) 3dσg
5Πg 14.614 2.7 3 1.05 (b4Σ–g ) 3dpig
5Σ–g 14.61 2.7 3 1.05 ( b
4Σ–g ) 4sσg
5Σ–u 15.309 2.6 3 0.83 (b
4Σ–g ) 4pσu
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Table: Quintet Rydberg states with the f4Πg core (IP= 18.02 eV)
State Te Re n a Dominant
(eV) (a.u.) configuration
5Πg 14.572 4.0 3 1.01 (f4Πg ) 3sσg
5Πu 13.61 4.0 3 1.24 (f4Πg ) 3pσu
5Σ+u 15.624 4.3 3 0.62 (f
4Πg ) 3ppiu
5∆u 15.708 4.3 3 0.57 (f4Πg ) 3dpig
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Table: Quintet Rydberg states with the 6Σ+u corea (IP= 17.1 eV)
State Te Re n a Dominant
(eV) (a.u.) configuration
5Σ+u 15.624 4.0 3 1.02 (
6Σ+u ) 3sσg
5Σ+u 15.716 4.0 3 0.86 (
6Σ+u ) 3dσg
5Σ+u 15.802 4.3 4 0.49 (
6Σ+u ) 4sσg
() 55 / 1
() 56 / 1
10 20 30 40 50 60 70 80 90 100
14.0
14.5
15.0
15.5
16.0
16.5
17.0
17.5
18.0
R (a.u.)
E  
/  e
V
5B2g
() 67 / 1
10 20 30 40 50 60 70 80 90 100
13.5
14.0
14.5
15.0
15.5
16.0
16.5
17.0
17.5
R (a.u.)
E  
/  e
V
5B3u
() 68 / 1
2 3 4 5 6 7 8 9 10
0
4
8
12
16
20
24
28
32
R (a.u.)
E(eV)
&Y
8LI&LEWE[IPP
SJbI:
() 69 / 1
1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7
0
4
8
12
16
20
24
28
R (a.u.)
E(eV)
8LI&YLEWE[IPP
SJbI:
-XMWWSQI[LEXYRI\TIGXIH
WMRGIXLILMKLQYPXMTPMGMX]
WXEXIWEVIQSWXSJXIR
YRFSYRH
&Y
() 70 / 1
Summary
A comprehensive ab–initio study of many electronic states
of O2, O+2 and O
++
2 is currently underway
PECs of about 150 electronic states of O2, 100 of O+2 , and 20 of O
++
2
Valence, Rydberg, ion–pair states
Spectroscopic constants
(Te,Tv ,ωe,ωexe,Be, De,D0, µ–functions, IP’s, etc.)
The calculation revealed
a rich electronic structure of high–spin states (5s, 6s, 7s)
Information on O2 quintet states
Numerous bound Rydberg states are reported
Rydberg orbitals have been attributed tentatively
to various quintet states
Spectroscopic constants of the six repulsive (or weakly bound)
valence quintet states (5Σ+g (2), 5Σ–u , 5Πu , 5Πg , 5Ag )
Spectroscopic constants
of the four (5Σ+g , 5Σ–u , 5Πg , 5Πu) ion–pair states
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